Xianliang WANG, et al. MOE Key Laboratory of Environment and Health, School of Public Health, Tongji Medical College, Huazhong University of Science and Technology, China-We explored the relationship between metals exposure and nervous impairment in welders. The metals exposure of 82 welders and 51 operators were evaluated for blood Pb, Cd and Mn by atomic absorption spectrometry, and the nervous system impairment was evaluated with the n e u r o b e h a v i o r a l c o r e t e s t b a t t e r y a n d electromyography. Pb (geometric mean: 117.31 µg/L; range: 0.5-327.6 µg/L) and Cd (geometric mean: 3.54 µg/L; range: 0.2-12.5 µg/L) in welders were significantly higher than those in operators. Welders had higher prevalence of nervous system symptoms and worse standard scores of 8 items such as depressiondejection than operators. Significant difference of nervous performance in welders only existed in different concentration groups of Pb and Mn. The performances of fatigue-inertia and some others had negative correlations with Pb and digit span with Mn. Therefore, the nervous system impairment in welders could be attributed to occupational exposure of Pb and Mn, but not Cd, concomitantly. 1) found increased symptoms in welders were related to decreased scores on tasks measuring verbal learning, visuomotor abilities, visuospatial abilities, information processing and motor efficiency. Another study revealed Mn exposure within the range of 0.01-2.67 mg/m 3 could induce subclinical effects on the nervous system 2) , but only the time for welding or the air concentration of Mn was calculated without biological sample collection in these studies.
Some neurotoxic metals such as Mn are dominant in the composition of welding fumes. Several studies regarding their effects on the nervous system have been carried out since the 1990's. Bowler RM et al. 1) found increased symptoms in welders were related to decreased scores on tasks measuring verbal learning, visuomotor abilities, visuospatial abilities, information processing and motor efficiency. Another study revealed Mn exposure within the range of 0.01-2.67 mg/m 3 could induce subclinical effects on the nervous system 2) , but only the time for welding or the air concentration of Mn was calculated without biological sample collection in these studies.
Pb is also a common neurotoxic agent besides Mn. Cd can cause adverse effects on multiple organs, especially the kidney. These metals can be easily absorbed into the body through the respiratory tract. The cases of serious damage to the nervous system have become rare due to the efforts of health promotion among welders. Due to the variability of work settings for welders, it is almost impossible to assess the exposure to neurotoxic metals by means of one universal indicator. Therefore, it is optimal to resort the co-measurement of several metals in biological samples and examination of the performance of the nervous system with neurobehavioral methods in welders due to the objective and sensitivity of neurobehavioral examination and electroneurophysiological detection.
To explore the effects of welding on the nervous system among welders and the relationship between Pb, Cd and Mn in blood and the central and peripheral nervous systems functions, a cross-sectional study was carried out in Hefei, China.
Methods

Subjects
The subjects in this study were from two vehicle manufactures located next to each other in a suburb of Hefei, a central city of Anhui province in China. Workers welding longer than 6 months continuously by cluster sampling were subjects of the study. A control group consisting of 82 operators with the demographic characteristics similar to the welders were selected from the same two factories. The exclusion criteria were as follows: prior exposure to neurotoxic metals (Pb, Mn, Al, Cd), organic solvent (gasoline, mixed benzene, oil paint, CS 2 ), hazardous gas (CO), high temperature and heavy noise; disorders of the mental or nervous systems; sedatives or heavy alcoholic beverage consumption within 24 h before the study; and chronic disease of the vascular or gastrointestinal systems. Thus, 82 welders aged 24.2-53.6 yr (60 males and 22 females) and 51 operators aged 19.2-52.2 yr (36 males and 15 females) were retained for the analysis.
Questionnaires
A questionnaire consisting of seven parts (demographic characteristics, medical and occupational history, amount of tobacco smoking, consumption of alcoholic beverages, mood of occupational stress, drug use and symptoms of the nervous system) was distributed to the two groups. The demographic characteristics included education level (classified into four levels), marriage status, average area of dwelling, average monthly income of the family, seniority and accumulated exposure time (welding years × welding days per week × welding time per day × 365/ 280, provided working 40 h an week). The previous occupations focussed on some jobs using oil paint that may affect the performance of the nervous system. Tobacco was calculated by smoking years × tobacco category × smoking amounts per day × 365/ 200(categorized according to the nicotine level in the tobacco). Alcohol drinking was calculated by drinking years × alcohol volume per week × 365/70. The occupational stress index (OSI) was utilized to evaluate stress levels in welders using the sum of 8 items (relations with colleagues, satisfaction with supervisor, happiness of family, anxiety of job, shift-work, satisfaction of job, ambience of job and welfare from job) because the neurobehavioral function may be affected by occupational stress. The higher the scores were, the better mood the worker was in. Nervous system disorders included in the questionnaire were insomnia, awaking early, dreams, restlessness, headache, malaise, hypersomnia, powerlessness, dizziness, fatigue, concentration difficulty, poor memory, low efficiency, hyposexuality.
Exposure
The welders in these two factories welded mainly mild steel with manual metal arc. According to surveillance data from 1995 to 2002, the local air concentrations of Mn , respectively). Therefore we selected Mn, Pb and Cd as the metals to be measured. A 5-ml blood sample was collected in a syringe by pre-trained nurses after sponging the skin with 2% nitric acid and 75% ethanol. It was transported to the laboratory in an icebag and stored at -20°C. All the tools were immersed in 5% nitric acid for more than 36 h, then washed 3 times with deionized water and dried at room temperature if necessary and practical.
The three metals were quantified with a Perkin-Elmer AA800 pyrolytically coated graphite furnace atomic absorption spectrometer with Zeeman adjustment and an auto-sampler, according to the manufacturer 's instructions. Quality assurance was performed with reference materials (purchased from the Chinese National Research Center of Criterion Materials), repetitive measurements of the same sample and blind standard samples.
Performance of nervous system
Evaluation of the nervous system function was conducted with the neurobehavioral core test battery (NCTB) approved by the WHO 3) and electromyograms (EMG). The NCTB consists of seven units (profile of mood state, simple reaction time, digit span, Santa Ana Manual dexterity test, digit symbol test, Benton visual retention test and pursuit aiming test) and assesses recent emotion, attention/response, speed, auditory memory, manual dexterity, perceptual-motor speed, visual perception/memory and motor steadiness. Five interviewers were trained uniformly ahead of the inquiry to assure the comparability. In addition, conduction velocity, latency and amplitude of the muscle action potential for bilateral peripheral median nerves were detected with EMG. Because it was inconvenient to move the EMG apparatus to the factory, workers were requested to take the EMG examination in a hospital. Thus, only 23 welders and 17 operators were analyzed for difference of EMG after screening because some workers refused to take the EMG examination.
The profile of mood state (POMS) centralized on six kinds of affection: tension-anxiety, depression-dejection, anger-hostility, fatigue-inertia, vigor-activity and confusion-bewilderment. The simple reaction time (SRT) is a classical measurement method for reaction time and its results include minimal SRT, maximal SRT, mean of SRT and standard variation of SRT. Digit span which reflects the ability of quick memory comes from the Wechsler Adult Intelligence Scale and the results of this unit include forward digit span, back digit span and sum of them. The Santa Ana manual dexterity test evaluates the eye-hand coordination of the dominant hand and nondominant hand. The digit symbol test evaluates the quick memory and symbol transformation in 90 s. The Benton visual retention test is for examining quick memory and its scores reflect the identification number of 10 figures. The pursuit aiming test, including right dotting, wrong dotting and the sum of them, is for evaluation of psychomotor function. All the original scores were transformed to the standard scores according to the suggested standardization procedure before analysis and the higher the standard scores were, the better the performance was 3) .
Data collection and analysis
The data were input into a computer by two persons with the software EPI info 6.04, then contrasted and corrected. Other software used included visual FoxPro 6.0, Microsoft Excel for the transformation of NCTB scores and SPSS for Windows 10.0 for analysis. The statistical methods included χ 2 analysis, stratification analysis with covariant analysis for the dose-effect relationship and stepwise linear regression analysis. A level of p<0.05 was considered statistically significant.
Results
Comparability of the two groups
The demographic characteristics except for age between the two groups were insignificant ( Table 1) . The exposure groups were about 6 yr older than the control group (p=0.000). Therefore, age was selected as a confounder in the following analyses. µg/L), only the differences for Pb (p=0.003) and Cd (p=0.000) between the two groups were significant. Chisquare analysis revealed prevalence of waking early, headache, hypersomnia, powerlessness, dizziness, concentration difficulty and low efficiency in welders were significantly higher than those of controls (Table 2) . Compared with the control groups, the standard scores of depression-dejection, anger-hostility, fatigue-inertia, confusion-bewilderment and mean of SRT in welders were significantly lower. The EMG examination between the two groups found no significant differences (Table 3) . The percentages in the boxes were the number of yes/total for each symptom. The education level was classified into four levels (graduate of elementary school, junior high school, senior high school and college), income was classified into four levels (up to 300 RMB, 600 RMB, 900 RMB and more). OSI had no unit.
Metals and nervous system functions
The nervous system function among welders with different levels of metals
The welders were classified into 3 groups according to the concentrations of Pb, Cd, Mn (the cut-off points being derived mainly from 30% and 70% percentiles), and then the difference of each item of NCTB in the 3 groups were analyzed with covariant analysis (with age and education as covariates) ( Table 4) . Only significant differences were observed in groups at different levels of Pb and Mn, but not Cd. No significant difference about performance of EMG was found (data not shown).
Regression analysis of nervous system function
To clarify the contributions of the three metals, Pb, Mn and Cd, to impairment of the nervous system function with the exclusion of effects of possible confounding factors, a multiple stepwise regression analysis for all items in welders was conducted ( Table 5 ). The independent variables were age, gender, education level, Pb, Cd, Mn, accumulated exposure time, OSI, tobacco and alcohol.
Discussions
Numerous studies regarding exposure to Pb have revealed health disorders centered on the nervous system, including affects on the higher functions of the central nervous system and prevention of the normal development of cognitive and neurobehavioral functions. The mechanism of Pb neurotoxity is complex and is still not fully understood, which may concern with PKC activity 4) , alternations 5) of excitatory amino acids and oxide stress, especially 6) . Cd is a putative neurotoxicant, however, little attention has been paid to its neurotoxic risk through occupational exposure. Although only two studies regarding Cd occupational exposure in welders could be found, there is strong evidence of its oxidative- Covariant analysis of all items of the NCTB and EMG between the two groups with the age and education level as the covariates. All the scores of NCTB were standard-transformed from the original marks and had no unit. The units for conduction velocity, latency and amplitude were m/s, ms and mV, respectively. Abbreviations: SRT, simple reaction time.
mediated neurotoxity in animal studies 7) . Viaene MK 8) studied the effect of chronic occupational exposure to Cd on neurobehavioral functions and found that slower visuomotor function and more complaints about equilibrium, peripheral neuropathy and concentration ability were dose dependently associated with urinary Cd. Mn toxicity occurs in the workplace through inhalation of manganese-containing dust. The brain is particularly susceptible to excess manganese, and accumulation there can cause a neurodegenerative disorder. Subclinical Covariant analysis of all items of the NCTB was done with age and education as covariates. All the items of NCTB were standard scores and had no unit. significant difference between ≤60 µg/L Pb group and >120 µg/L Pb group; significant difference between ≤120 µg/L Pb group and >120 µg/L Pb group; significant difference between ≤10 µg/L Mn group and >20 µg/L Mn group; Significant difference between ≤10 µg/L Mn group and ≤20 µg/L Mn group.
effects including increased emotional irritability, dysmnesia, concentration difficulties, sleepiness and limb paresthesia predominate among the disorders of nervous system functions in Mn-exposed workers 2) . However, Dechamps's 9) study indicated long occupational exposure to low levels of Mn (approximately 0.2 mg/m 3 ) had no significant effect on neurological performance.
Although the effects of welding on the nervous system have been studied, its effects on the central nervous system has been restricted to Al or Mn exposure. We examined the effects of welding on central and peripheral nervous systems with neurobehavioral and EMG examinations concomitantly with regard to multiple neurotoxic metals exposure.
Mn has been recognized as a neurotoxic metal occurring more often in welding setting, and Pb, Cd and Mn in the welders were higher than the controls in our study, but only differences of Pb and Cd were significant; the difference of Mn between the two groups was of no significance as reported before 9) . We found that the prevalence of 7 symptoms such as waking early was significantly higher in welders, which agreed with former findings 1, 2) , and headache, concentration difficulty and sleepiness were also previously documented in welders exposed to Mn 9) . The operators performed the NCTB battery much better than the welders, which implies a definite neurobehavioral and neuropsychical effect of welding on workers mainly related to emotional irritation, fatigue, response velocity, quick memory, hand dexterity and eye-hand coordination. The results of EMG showed no significant difference in conduction velocity, latency and amplitude of evoked potential in both hands, which was different from Niu Q's reports 10) . The reason might be attributable to the limited number of welders who underwent the EMG examinations.
Further stratification analysis after controlling for the effects of age and education was performed. First, the welders were classified into 3 groups according to the concentration of blood Pb. The scores of confusionbewilderment, dexterity of non-dominant hand, right dotting, minimal SRT and wrong dotting in the group of high Pb (>120 µg/L) were significantly lower than those of the groups of mid Pb (≤120 µg/L) and/or low Pb (≤60 µg/L), while there were no significant differences between the groups of mid Pb and low Pb. This implies that Pb affects the neurobehavioral function of welders only when the blood Pb ascends over 120 µg/L, a figure which is much lower than has been suggested by previous reports 10, 11) . The analysis of the 3 groups classified according to the concentration of blood Cd in welders revealed no significance, which implies that occupational exposure to Cd has little impact on the neurobehavioral impairment of welders. When the welders were classified into 3 groups of Mn concentration, only significant differences of forward digit span, backward digit span and total digit span between groups of low Mn (≤10 µg/L) and high Mn (>20 µg/L) were observed. Furthermore, a dose-effect relationship was observed between concentrations of Mn and the standard scores of forward digit span which was different from a previous study (Mn in blood: 9.34 µg/ L) 9) . Although significant differences of NCTB scores were found among welders at different levels of Pb or Mn, some uncertainties were still not excluded. The multiple stepwise regression analysis revealed the scores of fatigue-inertia, confusion-bewilderment and right dotting declined when the concentration of Pb ascended while the scores of wrong dotting increased with higher Pb. The differences of the confusion-bewilderment and right dotting between the low Pb group and the mid Pb group were not significant. Therefore, the low Pb group and mid Pb group can be joined into one group for comparison with the high Pb group. Although no dose-effect relationship was found in the stratification analysis, a significant negative correlation for confusionbewilderment and right dotting was recognized. It was a puzzle that better scores of total digit span occurred with higher Pb. The performance of forward digit span, backward digit span, and total digit span all had a negative correlation to blood Mn while vigor-activity had a positive correlation to it. Blood Cd had no correlation with any item of NCTB, which agreed with the stratification analysis of Cd. Therefore we can infer that the neurobehavioral impairment in welders could be attributed to the co-exposure to Pb and Mn.
Apart from the above findings, the stress level, age, education level, gender and alcohol consumption would influence the outcome of neurobehavioral function measurement simultaneously. Optimization of job stress could ameliorate the mood of emotion. The age, gender and education level had similar effects on neurobehavioral performance as previously reported 12) . Backward digit span had a negative correlation with alcohol drinking, which indicated that consistent alcohol absorption would worsen the emotion and memory.
The present uniform analysis results were derived from stringent quality control and good comparability of the two groups. Chen ZQ et al. 12) found that the age between 20 to 40 yr usually had a negative effect on neurobehavioral functions; the higher the age was, the worse the neurobehavioral functions were. Therefore, the higher mean age of the controls provides no excuse to misinterpret the findings. The limitation of this study was the lack of detection of Al in biological samples. Although the periodical surveillance data showed no obvious occupational exposure to this neurotoxic metal and whether Al in blood or urine is more applicable for exposure evaluation is still a problem, the conclusion would be more convincing with an examination of Al.
In summary, our study indicates there was high prevalence of complaint of neurobehavioral symptoms and neurobehavioral impairment in welders regarding quick memory and eye-hand coordination. These impairments might be attributable to occupational exposure to Pb and Mn concomitantly.
